Abstract. Renal cell carcinoma (RCC) is the most common type of kidney cancer in adults and is associated with a poor prognosis due to a lack of early-warning signs, protean clinical manifestations, and resistance to radiotherapy and chemotherapy. Recently, increasing evidence has suggested that microRNAs (miRNAs) are involved in the proliferation, invasion and apoptosis of various types of human cancer cells. In a previous study, miRNA expression profiles from renal cell carcinoma (RCC) revealed that expression of miR-20b-5p was significantly downregulated in RCC tissues. The aim of this study was to investigate the expression and functional significance of miR-20b-5p in RCC. The expression of miR-20b-5p was quantified in 48 paired RCC tissues and cell lines, and compared with adjacent normal tissues and the 293T cell line by reverse transcription-quantitative polymerase chain reaction. The functional impact of miR-20b-5p on cell proliferation, cell migration and apoptosis in the 786-O and ACHN RCC cell lines, was determined by an 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, a scratch assay and flow cytometry. To the best of our knowledge, the present study was the first to reveal that miR-20b-5p was downregulated in RCC tissues and cell lines. It also demonstrated that upregulation of miR-20b-5p inhibited cellular migration and proliferation, and promoted cellular apoptosis, suggesting that miR-20b-5p functioned as a potential tumor suppressor. However, further studies are required to fully determine the effects of miR-20b-5p and the miR-20b-5p-mediated molecular pathway in RCC and other types of cancer. In conclusion, these results imply that miR-20b-5p may be a biomarker for early detection and prognosis prediction, as well as a therapeutic target for RCC.
Introduction
Renal cell carcinoma (RCC) is the most common type of kidney cancer in adults, accounting for ~90% of all renal tumors and 3.9% of all cancers (1, 2) . In the United States, renal cancer is the 6th and 8th leading malignancy among men and women, respectively. In 2014, 63,920 novel cases and 13,860-related fatalities from renal cancer are estimated to have occurred (3) . In China, kidney cancer incidence has increased with an average annual growth rate of 6.5% over the past 20 years, and kidney cancer-related mortality has surpassed bladder cancer as the most common cancer of the urinary system (4, 5) . RCC is characterized by a lack of early-warning signs, protean clinical manifestations, and resistance to radiotherapy and chemotherapy (6) . As a result, 25% of patients present with advanced disease when initially diagnosed with RCC, and 33.3% of the patients who undergo resection of localized disease have a recurrence (7) . Survival of patients with localized tumors who undergo radical nephrectomy is significantly longer than patients with regional and distant metastasis, thus underscoring the importance of early detection (8) . Therefore, it is critical to identify novel molecular biomarkers for early detection, diagnosis and targeted therapy.
MicroRNAs (miRNAs) are 21-25 nucleotide endogenously produced non-coding RNAs, which regulate the expression of numerous genes, and are significant role in a wide range of biological processes, including animal and plant development, cell proliferation, cell differentiation, apoptosis and metabolism. Generally, miRNAs, as negative regulators, bind to a partially complementary sequence usually located in the 3'-untranslated region (3'-UTR) of their target mRNA and inhibit its translation (9 , YAOTING GUI 2 and YONGQING LAI specific miRNA can regulate multiple genes and a single gene can be modulated by hundreds of miRNAs at the post-transcriptional level (10) . Recently, miR-20b-5p has been reported to be dysregulated in malignancies of the breast (11) (12) (13) , stomach (14) , cervix (15) , blood (16) , oropharynx (17) and colorectum (18) . A recent miRNA microarray chip analysis showed that miR-20b-5p was downregulated in ccRCC (19) . Thus, the expression and function of miR-20b-5p in renal cancer requires further investigation. The aim of the present study was to identify miR-20b-5p as a tumor suppressor in RCC. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to determine the downregulation of miR-20b-5p in RCC tissues and cell lines compared with paired normal tissues and cell lines and the effects of miR-20b-5p on cell migration, proliferation and apoptosis were analyzed in RCC cell lines.
Materials and methods

Specimens.
A total of 48 paired fresh RCC samples and adjacent normal tissue samples (located 2.0 cm outside of visible RCC lesions) were obtained from the Peking University Shenzhen Hospital (Shenzhen, China). Written informed consent was obtained from all patients. The study was approved by the ethics committee of the Peking University Shenzhen Hospital (Shenzhen, China). The clinical specimens were collected between September 2012 and November 2014. All fresh tissue samples were immediately immersed in RNAlater® RNA Stabilization agent (Qiagen, Inc., Hilden, Germany) following surgical resection, snap-frozen in liquid nitrogen and stored in a cryo freezer at -80˚C for further use. The clinicopathological information of the patients is shown in Table I . Stage classification was performed according to the 2010 American Joint Committee on Cancer staging system (20) .
Cell culture and transfection. 786-O and ACHN human RCC cell lines and the 293T normal kidney human embryo kidney cell used in the present study were obtained from the Guangdong and Shenzhen Key Laboratory of Male Reproductive Medicine and Genetics (Shenzen, China). The human RCC cell lines, including 786-O and ACHN, were originally obtained from the American Type Culture Collection (Manassas, VA, USA). The human embryo kidney cell line 293T (293T) was purchased from the Type Culture Collection of the Chinese Academy of Medical Sciences (Beijing, China). All cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific Inc., Waltham, MA, USA), with 10% fetal bovine serum (Gibco), 1% antibiotics (100 µ/ml penicillin and 100 mg/ml streptomycin sulfates) and 1% glutamate (Gibco), and then incubated at 37˚C in a humidified chamber containing 5% CO 2 . For the upregulation of miR-20b-5p, synthesized miR-20b-5p mimics (GenePharma, Shanghai, China) and Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific Inc.) were mixed into the Gibco™ Opti-MEM I Reduced Serum medium (Thermo Fisher Scientific, Inc.) for transfection, after the cells were seeded and cultured for 24 h. Then, fluorescence microscopy (using a fluorescence microscope obtained from Carl Zeiss Pte. Ltd., Oberkochen, Germany) and RT-qPCR were used to verify transfection efficiency.
Extraction of total RNA and RT-qPCR. Total RNA was extracted from 48 paired RCC samples and normal tissue using TRIzol reagent (Invitrogen) and were purified using the RNeasy Maxi kit (Qiagen), according to the manufacturer's instructions. 786-O, ACHN and 293T cells (4x10 5 cells/well) were plated into 6-well plates (BD Biosciences, USA) with three replicate wells, respectively. The cells were trypsinized, using Gibco™ trypsin (Thermo Fisher Scientific Inc.) to extract the total RNA using the miRNeasy Mini kit (Qiagen, Valencia, CA, USA) 24 h later. The RNA samples with 260/280 ratios of 1.8-2.0 were used for further experiments. Total RNA was converted into cDNA using the miScript II RT kit (Qiagen, Valencia, CA, USA).
The expression level of miR-20b-5p was confirmed with the miScriptSYBR green PCR kit (Qiagen, Valencia, CA, USA) according to the manufacturer's instructions on the Roche lightcycler 480 Real-Time PCR system (Roche). U6 was used as the endogenous control to normalize the data. Their expression levels were shown as fold differences relative to U6, which was based on the equation relative quantification (RQ)=2 −ΔΔCq [ΔΔCq=(meanCq tumor-meanCq co ntrol )-(meanCq normal-meanCq control )]. The miR-20b-5p forward primer was 5'-CAA AGT GCT CAT AGT GCA GGTAG-3' and reverse primer was provided by the miScriptSYBR ® green PCR kit (Qiagen, Valencia, CA, USA). The forward primer of U6 was 5'-CTC GCT TCG GCA GCACA-3' and reverse primer was 5'-ACG CTT CAC GAA TTT GCGT-3'. The reaction conditions for PCR were as follows: 95˚C for 15 min, followed by 40 cycles of 94˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec.
Cell scratch assay. The migratory ability of 786-O and ACHN cells was assessed by a wound scratch assay in vitro.
Approximately 3x10 5 cells were seeded per 12-well dish and transfected after 24 h with 100 pmol of either the miR-20b-5p mimics or a negative control, using Lipofectamine 2000. After 6 h of transfection, a sterile 200 µl pipette tip was used to scrape a clear line through the cell layer. The cells were then rinsed with phosphate-buffered saline (PBS) and cultured in serum-free DMEM. Images of the scratches were acquired using a digital camera system (Olympus Optical Co., Ltd., Tokyo, Japan) 0, 24 and 48 h after the scratches were made. The experiments were performed in triplicate and repeated ≥3 times.
Cell proliferation assay by MTT. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT, 5 mg/ml; Sigma-Aldrich) was used to analyze the cell proliferation. 786-O and ACHN (5,000 cells/well) were plated into 96-well plates with 5 replicate wells of each condition. Each well was transfected with 5 pmol miR-20b-5p mimics or a negative control and assessed at 0, 24, 48 or 72 h post-transfection. The blank control wells were just set up with DMEM. Before measurement, 20 µl MTT was added to the cells and incubated at 37˚C in a humidified chamber containing 5% CO 2 for 6 h. Then, the MTT medium mixtures were discarded and 120 µl dimethyl sulphoxide (DMSO; Sigma-Aldrich, Shanghai, China) was added. After agitating for 30 min at room temperature, the absorbance was measured by the ELISA microplate reader (Bio-Rad, Hercules, CA, USA) at a wavelength of 490 nm (with 630 nm as the reference wave length).
Cell apoptosis assay. 786-O or ACHN cells (3x10 5 ) were plated in 6-well plates for the cell apoptosis assay. The cells were transfected with 200 pmol of miR-20b-5p mimics or the negative control (GenePharma) for 6 h. The sequence of the negative control RNA was as follows: Forward, 5'-UCC AUA AAG UAG GAA ACA CUA CA-3'; and reverse, 5'-CAG UAC UUU UGU GUA GUA CAA-3'. After 48 h transfection, the cells, including floating cells, were harvested, washed twice with 4˚C PBS, resuspended in 100 µl of 1X binding buffer and stained with 3 µl of propidium iodide (PI) and 5 µl of Annexin V-fluorescein isothiocyanate (Invitrogen) for 15 min at room temperature. Flow cytometry (EPICS, Xl-4, Beckman Coulter Inc., Brea, CA, USA) was used to quantify the percentage of apoptotic cells within 30 min of staining and 400 µl 1X binding buffer was added to each sample prior to measurement. Each experiment was conducted at least three times.
Bioinformatics. Predictions of potential targets of miR-20b-5p were performed using computational algorithms based on 'seed regions' between miRNAs and target genes. miRanda (http://mirdb.org/miRDB/index.html), TargetScan Release 6.2 (http://www.targetscan.org), microRNA (http://www.microrna.org) and miRWalk (http://www.umm. uni-heidelberg.de/apps/zmf/mirwalk) were used to explore the association between miR-20b-5p and long non-coding RNAs.
Statistical analysis. All data are presented as the mean ± standard deviation from the three independent experiments. Statistical analysis was conducted with SPSS 19.0 statistical software package (IBM, Armonk, NY, USA). Statistical significance was determined with Student's t-test. For the comparison of miR-20b-5p expression levels between matched tumor and normal samples a paired t-test was used. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-20b-5p is downregulated in human RCC clinical specimens and RCC cell lines.
A recent miRNA microarray chip analysis showed downregulation of miR-20b-5p in RCC tissues (19) . To confirm downregulation of miR-20b-5p, RT-qPCR was performed in 48 paired RCC tissues and adjacent normal tissues. Relative expression of miR-20b-5p [Log2(T/N)] is shown in Fig. 1A . The present study demonstrated that the expression of miR-20b-5p in RCC tissues was significantly lower compared with adjacent normal tissues (P<0.001), as shown in Fig. 1B .
The expression of miR-20b-5p in two RCC cell lines (786-O and ACHN) and the 293T normal kidney human embryo kidney cell line was analyzed. As shown in Fig. 2 , miR-20b-5p expression was significantly lower in 786-O and Fig. 3A , the transfection efficiency was >90% when the cells were transfected with fluorescein amidite-conjugated miRNA. RT-qPCR was also used to quantify the transfection efficiency, and revealed that expression of miR-20b-5p was 50.4 and 402.4 times that of negative control after transfection in 786-O (P<0.001) and ACHN (P<0.001), respectively (Fig. 3B) . (Fig. 4) . miR-20b-5p suppresses cell migration. Cell migration was examined by a wound scratch assay. The results demonstrated that migratory distances of cells transfected with miR-20b-5p mimics were markedly shorter than that of the negative control group. The inhibition rates of migration of miR-20b-5p were 46.45 and 58.74% for 786-O cells (P<0.001), and 59.25 and 62.49% for ACHN cells (P<0.001) 2 and 48 h after transfection, compared with the negative control group. It is suggested that upregulation of miR-20b-5p inhibited the migratory ability in renal cancer cells (Fig. 5) .
Validation of cell transfection efficiency. As shown in
miR-20b-5p promotes cell apoptosis. The effects of miR-20b-5p on apoptosis were determined by flow cytometric analysis. After transfection with miR-20b-5p mimics or negative control for 48 h, 786-O and ACHN cells were harvested, and stained and the number of cells was quantified. The results demonstrated that the early apoptosis rate of 786-O cells was 11.77 and 7.21% (P<0.001) and of ACHN cells was 17.66 vs. 6.52% (P<0.05) when each were transfected with miR-20b-5p mimics or negative control, respectively. These data suggest that upregulation of miR-20b-5p promoted RCC cell apoptosis (Fig. 6) .
Target gene prediction. miRanda, TargetScan Release 6.2, microRNA and miRWalk all predicted vascular endothelial Cancer, a complex multistep process that involves the accumulation of sequential alterations of numerous genes, including the activation of oncogenes and dysfunction of anti-oncogenes, is characterized by unrestricted proliferation, invasion and metastasis (23) . By inducing either mRNA degradation or translational repression, miRNAs regulate a large proportion of the transcriptome (~50% in humans) (10, 24) . Therefore, mRNAs function as potential oncogenes and tumor repressors and have the ability to affect all cellular processes. Thus, an aberrant miRNA expression signature is a hallmark of cancer, including kidney cancer (23) . miRNA profiling in kidney cancers revealed that a number of miRNAs were up-or downregulated, including miR-20b, and specific miRNA profiles could serve as a valuable tool for diagnosis (19, 25) .
miR-20b has been found to be upregulated in several types of human cancer, such as breast cancer (13, 26) , gastric cancer (14) and cervical neoplasms (15) . miR-20b could function as an oncogene through downregulating tumor suppressor genes, such as PTEN, BRCA1 and p21 (13, 27) . Studies also demonstrated that upregulation of miR-20b was found in gastric and cervical cancer tissues and may be associated with the prognosis of patients and could serve as a diagnostic tool (14, 15, 26, 28) . However, certain studies have demonstrated that miR-20b is significantly downregulated in early T-cell precursor acute lymphoblastic leukemia, oropharyngeal carcinoma and colorectal tumors, and the downregulation of miR-20b-5p is important in metastasis and early recurrence of breast cancer (11, 12, (16) (17) (18) . Perez-Rivas et al, identified a set of recurrence-related microRNAs, including miR-20b, with potential to identify patients that are likely to develop metastasis early after primary breast surgery (11) . The results of another study (12) also confirmed that miR-20b-5p is important in metastasis and early recurrence of breast cancer. According to lymph node metastases, pathology and immunohistochemistry, patients in the study by Li et al (12) were divided into three groups: The high invasive and metastatic group (HIMG), the low invasive and metastatic group (LIMG) and the normal group. The authors detected the expression of miR-20b in the centre and at the edge of breast cancer tissues and normal tissues, and their results showed that the relative expression of miR-20a and miR-20b was lower in the center of the tumor than at the edge in the LIMG, lower at the edge of the tumor than in the center in the HIMG, and lower in breast cancer tissues than in normal tissues (12) Moreover, miR-20b-5p was reported to be downregulated in RCC tissues by next-generation small RNA-sequencing (19) . However, the function and clinical significance of miR-20b-5p in RCC has yet to be explored in renal cancer. In this study, RT-qPCR was performed to quantify the relative miR-20b-5p expression in 48 paired RCC tissues and cell lines compared with adjacent normal tissues and 293T cells. The result, which showed that miR-20b-5p was downregulated significantly in RCC tissues and RCC cell lines, was in accordance with the previous sequencing. Furthermore, the role of miR-20b-5p in cellular process such as proliferation, migration and apoptosis were determined by an MTT assay, a scratch assay and flow cytometry after transfection with synthetic miR-20b-5p mimics or negative controls. In the present study, upregulation of miR-20b-5p decreased the ability of the cells to proliferate and migrate, and induced the apoptosis of RCC cells, significantly. The results of the present study demonstrated that the effects of miR-20b-5p on the migration, proliferation and apoptosis of the cells were more marked in ACHN cells than in 786-O cells. This phenomenon may have two alternative possible explanations: first, since the expression of miR-20b-5p is lower in ACHN than in 786-O cells, the same quantity of exogenous miR-20b-5p may lead to a more notable effect on the ACHN cells; second, the transfection efficiency experiments revealed that, comparatively, a much greater quantity of miR-20b-5p mimics could be transfected into the ACHN cells than into the 786-O cells. The function assay suggested that miR-20b-5p may be a tumor suppressor gene in RCC by inhibiting cell proliferation and migration, and promoting cell apoptosis.
miR-20b-5p is a negative regulator of numerous important genes in cancer progression. miR-20b has been demonstrated to cause downregulation of vascular endothelial growth factor (VEGF) at the mRNA and protein level under hypoxia-mimicking conditions, through reducing the levels of nuclear hypoxia inducible factor-1α subunit in breast cancer cells (21) . VEGF is the key gene of angiogenic factors that induce angiogenesis, thereby ensuring the delivery of enough blood to support the growth of the tumor (29) . RCC is a highly vascularized tumor that originates in the renal cortex. VEGF-targeted agents, such as sorafenib and axitinib have recently been tested in a phase III clinical trial and have been shown to improve prognosis in patients with metastatic RCC (30) . Therefore, miR-20b-5p may be identified as an anti-VEGF agent for RCC patients. PAR-1 was also confirmed as a target gene of miR-20b by a luciferase reporter assay in melanoma (22) . PAR-1 mediates angiogenesis and impacts the process of tumor growth and disease progression, and de Martino M et al reported that the AA genotype of the PAR-1 variation IVSn-14 A>T is associated with an increased risk of metastasis and poorer prognosis in patients with RCC (31) .
To the best of our knowledge, this is the first study to identify that miR-20b-5p was downregulated in RCC tissue and cell lines and that it functioned as a tumor suppressor gene in RCC via inducing cellular migration reduction, proliferation inhibition and cell apoptosis. Further studies are required to explore the role of the miR-20b-5p-mediated molecular pathway in tumor suppression in RCC. The potential clinical significance of miR-20b-5p in early detection, prognosis prediction and therapeutic target is worthy of researching.
